Understanding the forces and factors that are responsible for deforming the conti nental lithosphere remains a fundamental issue in geo physics. Deformation in continental plate boundary zones occurs over length scales of hundreds to thousands of kilometers, in contrast to oceanic plate boundaries, where earthquakes are in most cases limited to much narrower zones. It is because of this typically diffuse nature that previous plate kinematic techniques have been limited in their ability to resolve surface motions within zones of continental deformation. However, with the proliferation of global positioning system (GPS) instrumentation over the past 20 yr, the kinematics and dynamics of these previously enigmatic regions are coming into focus.
One of the largest and most studied continental plate boundary zones is western North America, where the Pacifi c plate is grinding northwestward with respect to the North American plate, generating the San Andreas fault system (Fig. 1) . Finding a complete explanation for the tectonics of this region is complicated by the subduction of the Juan de Fuca plate beneath the Pacifi c Northwest, and evidence that eastward of the San Andreas, the Basin and Range province (BRP) has undergone ~100% extension. The three proposed forces involved in driving such complex deformation (Richard son and Reding, 1991; Sonder and Jones, 1999) are 1) buoyancy forces associated with lithospheric density variations (Fleitout and Froidevaux, 1982; Fleitout, 1991; Jones et al., 1996) ; 2) boundary forces associated with the relative motions between the Pacifi c, Juan de Fuca, and North American plates (Atwater, 1970; Stock and Molnar, 1988; Bohannon and Parsons, 1995) ; and 3) tractions applied to the base of the lithosphere (McKenzie, 1969; Tovish et al., 1978) -some of these tractions likely result from mantle fl ow associated with the old subducted Farallon plate. To fully quantify the forces responsible for deforming the continental lithosphere, and to understand how deformation is being accommodated, a detailed knowledge of the surface motions is necessary.
Several researchers have used GPS to study surface kinematics in western North America (Shen-tu et al., 1999; Meade and Hager, 2005; McCaffrey, 2005; McCaffrey et al., 2007; Hammond and Thatcher, 2005; Flesch et al., 2007) . Kreemer and Hammond (2007, p. 943 in this issue) took that analysis one step further to investigate the fl ux of material fl owing in and out of the deforming region. By applying Gauss' divergence theorem to a modeled continuous surface velocity fi eld, determined from 1477 GPS observations from Baja California to the Queen Charlotte Islands in Canada, they found that there was no net areal change within the plate boundary zone (within the uncertainty of GPS). This innovative result implies that within this zone of western North America, areas of contraction are completely balanced by areas of extension.
Kreemer and Hammond gain further insight into the balance of areal change by dividing the zone into four sub-regions. In doing this, they show that the San Andreas zone south of 38°N, and the Cascadia subduction zone and Juan de Fuca-Gorda Ridge systems, north of 42°N, have a complete balance of extension and contraction, with zero net areal change. However, there is a net areal decrease along a zone containing northwestern California (between 38°N and 42°N) (Fig. 1) . Remarkably, the areal growth within the BRP is equivalent to the areal reduction in this small region in Northern California. This interesting latter result indicates that there may be a kinematic relationship between the extension in the BRP and compression in Northern California. Kreemer and Hammond argue that the southern Cascadia subduction zone represents a "window of escape" for the BRP, guiding extension directions now and over the history of the BRP opening. Such a detailed kinematic analysis as that done by Kreemer and Hammond provides insight into the dynamics of BRP extension, and the nature of the transform-dominated plate boundary in general.
What forces are at work in driving extension in the BRP? Jones et al. (1996) argued that gravitational potential energy (GPE) differences, asso-A possible "window of escape" in the southern Cascadia subduction zone ciated with density variations within the crust and upper mantle, are large enough to drive extension. Flesch et al. (2000) confi rmed those results, but argued that the infl uence of Pacifi c-North America relative motion (Atwater , 1970) was of equal importance to GPE differences, and is necessary in order to produce the correct orientation of deviatoric tensional stresses in the BRP. However, Liu and Bird (2002) suggest that westward active mantle drag is needed to fi t the GPS observations in the BRP. Recently, two studies have used deformation indicators inferred from GPS observations (Flesch et al., 2007) and the World Stress Map data (Humphreys and Coblentz, 2007) to directly quantify the relative importance of deformational driving forces in the western North America plate boundary zone. Both studies found that GPE variations and plate inter actions were the main deformational components, while effects from basal tractions were minimal. The fi ndings of Kreemer and Hammond are consistent with these two studies . Additionally, Humphreys and Coblentz (2007) required a tensional load in the southern Cas cadia subduction zone with stresses similar to that determined by Govers and Meijer (2001) . Humphreys and Coblentz argued that this boundary condition was associated with the roll back of the Gorda slab and provides a suction that helps to drive both the Sierra Nevada and BRP motions. The "window of escape" observed by Kreemer and Hammond could be a result of this pull in the southern Cascadia zone guiding the BRP.
One must also consider lateral strength variations in the lithosphere (Flesch et al., 2000) when considering the dynamics of continental regions. For example, compression in Northern California has also been attributed to the northward motion of the Sierra NevadaGreat Valley block (Argus and Gordon, 2001) , which is driven by the relative motion of the Pacifi c plate (Whitehouse et al., 2005) . The stronger Sierra Nevada-Great Valley block may provide a barrier to BRP opening, forcing material to fl ow toward weaker regions at its northern end. Such a scenario is again consistent with the "window of escape" hypothesis of Kreemer and Hammond. Although GPS observations have permitted the detailed kinematic and dynamic analyses discussed here, it is important to remember that GPS velocities represent interseismic velocity, which contains elements of elastic and transient components of deformation ( Pollitz, 2003; Hetland and Hagar, 2004) that likely contribute to a deviation from the long-term motions. Such devations are likely to occur over relatively short wavelengths, whereas it is the much longer wavelength kinematics that are important in guiding the inferences of Kreemer and Hammond. As discussed by Kreemer and Hammond, some of the observed deformation in the Pacifi c Northwest may be non-permanent. If true, this may only expand the region of net areal loss to the north, but would not change the overall conclusion that the BRP and the southern Cascadia subduction zone are kinematically linked. Denser GPS coverage in Cascadia, and throughout western North America in regions of lower strain (e.g., the Rio Grande Rift, Yellowstone caldera, and Montana) will refi ne these types of kinematic relationships, and provide further insights into both the transient and permanent features in the kinematics and dynamics of the continental lithosphere in western North America.
